The role of high affinity non-specific DNA binding by Lrp in transcriptional regulation and DNA organization.
Transcriptional regulatory proteins typically bind specific DNA sequences with approximately 10(3)-10(7)-fold higher affinity than non-specific DNA and this discrimination is essential for their in vivo function. Here we show that the bacterial leucine-responsive regulatory protein (Lrp) does not follow this trend and has a approximately 20-400-fold binding discrimination between specific and non-specific DNA sequences. We suggest that the dual function of Lrp to regulate genes and to organize DNA utilizes this unique property. A approximately 20-fold decrease in binding affinity from specific DNA is dependent upon cryptic binding sites, including the sequence GN(2-3)TTT and A-tracts. Removal of these sites still results in high binding affinity, only approximately 70-fold weaker than that of specific sites. Similar to Lrp's binding of specific sites in the pap and ilvIH promoters, Lrp binds cooperatively to non-specific DNA; thus, protein/protein interactions are important for both specific and non-specific DNA binding. When considering this cooperativity of Lrp binding, the binding selectivity to specific sites may increase to a maximum of approximately 400-fold. Neither leucine nor the pap-specific local regulator PapI alter Lrp's non-specific binding affinity or cooperative binding of non-specific DNA. We hypothesize that Lrp combines low sequence discrimination and relatively high intracellular protein concentrations to ensure its ability to regulate the transcription of specific genes while also functioning as a nucleoid-associated protein. Modeling of Lrp binding data and comparison to other proteins with regulatory and nucleoid-associated properties suggests similar mechanisms.